Object. Routine postoperative admission to the intensive care unit (ICU) is often considered a necessity in the treatment of patients following elective craniotomy but may strain already limited resources and is of unproven benefit. In this study the authors investigated whether routine postoperative admission to a regular stepdown ward is a safe alternative.
R outine postoperative admission to the ICU of patients undergoing elective craniotomy is a longestablished practice, 4 ostensibly done to monitor for and treat serious complications. However, the costs and benefits of this practice have become increasingly scrutinized in this age of expanding neurosurgical services, with both elective and emergency neurosurgery competing for scarce intensive care resources. 1, 3 Evidence suggests that patients undergoing elective craniotomy, once admitted to the ICU postoperatively, require no specific intensive care interventions before discharge to the regular ward. 5 It has therefore been contended that some of these patients could be directly admitted to the ward 2 without any significant risk of increased complications and that only selected patients at risk for needing "intensive care" rather than "intensive monitoring" must be admitted to the ICU. 8, 11 We hypothesized that admission to a regular ward is a feasible and safe alternative approach in the treatment of patients following elective craniotomy. Therefore, in this study we aimed to analyze the safety and adverse events associated with routine ward admission after elective craniotomy.
Methods

Patient Population
We retrospectively identified all adult patients who underwent elective craniotomy during a 54-month period from January 2006 to June 2010 at the Liverpool Hospital, Sydney South West Area Health Service, New South Wales, Australia. Study inclusion criteria were an age ≥ 16 years and indication for elective craniotomy in a nonemergency setting. Patients who underwent endoscopic transsphenoidal surgery for sellar and suprasellar lesions and endoscopic ventriculostomy were included in the analysis as well. Exclusion criteria were craniotomy for emergency indications (for example, trauma, acute subarachnoid hemorrhage, or intracranial infection) and bur hole operations (for example, for chronic subdural hematoma or stereotactic needle biopsy). The Sydney South West Area Health Service Ethics Committee approved this retrospective study.
Liverpool Hospital is a tertiary referral and teaching hospital serving a population of approximately 1.3-1.4 million people in the southwest region of Sydney, New South Wales. In 2000, the neurosurgical department in conjunction with the ICU, anesthesia, nursing, and hospital administrations established a policy of routine postoperative ward admission of patients undergoing elective craniotomy. This policy was agreed on given the number of elective craniotomies postponed as a result of a significant shortage of available postoperative ICU beds in previous years and the perceived low incidence of postoperative events requiring intensive care treatment in this group of patients. A subset of patients with an assumed increased perioperative risk, determined based on an assessment of each patient, would still be admitted to the ICU; however, it was expected that this policy would significantly ease demand for ICU beds and simplify patient flow and management.
Patient Identification
Patients undergoing elective craniotomy and meeting the inclusion criteria were identified from the departmental neurosurgical database containing all cases under neurosurgical care at the Liverpool Hospital; this database is maintained as part of the routine surgical audit and was established in January 2006. Collected data included age, sex, indication for craniotomy, diagnosis at discharge, operation type and date, admission and discharge dates, and in-hospital mortality.
Immediate Postoperative Management and Postoperative Destination
After elective craniotomy procedures, patients were routinely extubated in the operating theater and transferred to the recovery area, remaining under close neurological observation and hemodynamic monitoring, with a 2:1 patient/nurse ratio. After approximately 2-3 hours, patients were transferred to a dedicated 30-bed neurosurgical ward where nurses experienced in neurosurgical care (5:1 patient/nurse ratio) continued ongoing hourly neurological and regular (noninvasive blood pressure, pulse oximetry, temperature) observations for 6 hours, followed by assessments every 4 hours thereafter.
If the patient showed any sign of deterioration while in the recovery area, he or she was reassessed by the neurosurgical, anesthesia, and ICU teams and was transferred if necessary to a 26-bed general ICU with a 1:1 patient/nurse ratio. Patients unsuitable for immediate postoperative extubation, because of either preoperative assessment with a booked ICU bed or unforeseen intraoperative events, were directly transferred to the ICU.
Identification of Adverse Events
Liverpool Hospital implements the MET call system, which was designed there in 1990. 6, 9 The MET is a hospital-based intensive care team that responds to a call by a nurse (or other staff member) when a patient's vital signs have fallen outside set criteria (Table 1 ). These criteria were designed around studies suggesting that certain vital sign ranges and symptoms occur before a patient's condition deteriorates. To determine which patients had an MET call during their admission post-elective craniotomy, those identified from the neurosurgical database were matched to the MET call audit database, into which are recorded the name of the patient and the time, date, and location of every MET call. A retrospective file review was done in these patients to determine the cause and outcome of the MET call, to reveal whether it resulted in an ICU admission, and to record the time interval between the operation and the MET call.
In addition, all files of patients admitted to the ICU immediately postoperatively were reviewed to analyze the reason for admission (unplanned vs planned). An ICU admission was considered unplanned if the patient who was intended to be discharged to the ward postoperatively instead had to be admitted to the ICU in the immediate postoperative period, either from the operating theater or from the recovery area. A planned ICU admission was defined as a postoperative ICU bed booked for the patient preoperatively.
Statistical Analysis
To interpret the results of this study, descriptive analysis was mainly used. The Mann-Whitney U-test and chi-square test were used to compare variables when appropriate (PASW Statistics 18.0 software, SPSS, Inc.). A p < 0.05 was considered statistically significant.
Results
Patient Population
Three hundred ninety-four consecutive adult patients who underwent elective craniotomies were identified from the neurosurgical database. The mean age was 53.8 years (95% CI 52.3-55.5, range 16-98 years). Two hundred thirty-one patients were female and 163 were male. Table 2 lists the indications for craniotomy and type of operation.
Postoperative Destination
Out of the entire cohort of 394 patients, 343 patients (87%) were admitted to the ward postoperatively and 51 (13%) were admitted to the ICU-43 planned and 8 unplanned admissions (Fig. 1) .
Supratentorial craniotomy was the most common type of operation in patients admitted to the ward (70%), followed by transsphenoidal (18%) and infratentorial (13%) craniotomy. In patients electively admitted to the ICU, infratentorial craniotomies were significantly more frequent (42% of planned ICU admissions), but the majority of patients who underwent infratentorial craniotomy (69%) still went to the ward (Table 2) . Table 3 lists the indications for planned ICU admissions, which were most commonly anticipated long operating times and high anesthetic risks. 7 The mean age of patients with planned ICU admissions was comparable with that of those admitted to the ward (51. 
Unplanned ICU Admissions, Adverse Events (MET Calls), and Mortality
Of all 351 patients initially scheduled to go to the ward postoperatively, 2% (8 patients) required an unforeseen, unplanned immediate postoperative ICU admission; 5 admissions were from the recovery area and 3 were straight from the operating theater. The reasons for unplanned postoperative ICU admissions are given in Table 4 and were most often a slow neurological recovery (reduced GCS score) and intraoperative blood loss. The mean age of patients requiring unplanned ICU admissions was significantly higher than for those not requiring such an admission (68.6 years [95% CI 55.3-81.9] vs 53.9 years [95% CI 52.3-55.5], p = 0.019), but there was no difference in the incidence of unplanned ICU admissions between those who underwent supratentorial and those who underwent infratentorial craniotomy (p = 0.83).
Of all 343 patients admitted to the ward postoperatively, 3% (10 patients) required an MET call. Reasons for MET calls are listed in Table 5 . Importantly, only 3 MET calls occurred within the first 48 hours postoperatively (for arterial hypotension, respiratory distress, and seizures), and the MET team on the ward successfully treated all patients, without any ICU admissions. Among the 10 MET calls, 2 patients required ICU admissions for treatment of severe hyponatremia on Day 4 postresection of a right temporal meningioma and for monitoring after a suicide attempt by deliberate drug overdose at Day 10 postdebulking of a right temporal glioblastoma multiforme. No patient suffered permanent sequelae as a Among the total cohort of 394 patients, 1% (4 patients) died in hospital; 3 of the patients were planned ICU admissions and 1 was an unplanned ICU admission. A 73-year-old man underwent a lengthy craniofacial resection of a fungating facial squamous cell carcinoma and succumbed to sepsis 20 days postoperatively. A 51-yearold woman underwent clipping of unruptured basilar tip and middle cerebral artery aneurysms, and malignant cerebral edema subsequently developed on Day 3. A 48-year-old man who underwent left cerebellar resection of a space-occupying lesion made a good initial neurological recovery, but a large, fatal cerebellar hemorrhage developed 2 days postoperatively. Among the unplanned admissions, a 70-year-old woman suffered an acute large left middle cerebral artery stroke that occurred during debulking of a right frontal glioblastoma multiforme-she was intended to be admitted to the ward postoperatively, but she had to go to the ICU from recovery because of a slow neurological recovery. These patients' ages did not differ from the remainder of the investigated cohort (56. 
Discussion
We found a 0% mortality rate and 3% rate of adverse events in patients postoperatively admitted to a regular ward after elective craniotomy. Importantly, only 3 adverse events occurred in the first postoperative 48 hours, a time frame previously recommended for ICU monitoring after elective craniotomy, 4 and could be successfully managed on the ward without sequelae. These figures strongly suggest that postoperative ward admission is a safe approach in the treatment of this group of patients.
It must be remembered that our study group represents a selected sample only, since a considerable subgroup (11%) of the entire cohort of analyzed patients was preoperatively scheduled to be admitted to the ICU postoperatively because of a perceived increased perioperative risk, and thus our results should not be generalized. Moreover, we acknowledge that the variability in the surgical caseload, nursing staff numbers, and skill set between our institution and others will definitely have an impact on the applicability of these results to any particular institution.
Two percent of patients required unplanned ICU admissions. Although we consider this to be a relatively small group of patients and the ICU beds were readily available in our study, a shortage of ICU capacity with delayed admission may put these patients at risk. An increased age seems to be associated with the need for unplanned ICU admissions. Not surprisingly, the occurrence of adverse events was associated with an increased postoperative LOS.
Beauregard and Friedman 2 similarly observed that their cohort of 132 patients who underwent elective craniotomy and were admitted to the ward did not have more complications than those admitted to the ICU, but they also acknowledged several selection biases. Unlike our cohort, they analyzed patients from the one neurosurgeon who exclusively admitted his patients to the ward and who did not perform craniotomies for epilepsy, arteriovenous malformations, or aneurysms. Nonetheless, our 343 patients who underwent elective craniotomy and were admitted to the ward postoperatively represent the largest studied sample undergoing such a postoperative management approach to date.
Admitting patients who undergo elective craniotomy to the ward postoperatively would provide several benefits. Those undergoing elective craniotomy have been observed to make up as much as 27% of the general 10 and 46% of the neurosurgical 1 ICU admissions, and it is debatable whether these patients benefit from intensive monitoring or treatment. 5 These intensive care resources could instead be diverted to facilitate neurosurgical emergency management, given that in some countries a shortage of ICU beds has led to a refusal of outside referrals of patients needing prompt neurosurgical treatment 1 or to an "operate-and-return" policy 3 in which the patient is postoperatively transferred back to the ICU of the referring hospital.
Unfortunately, we observed a 1% in-hospital mortality rate. These deaths were associated with either immediate intraoperative or delayed postoperative complications. Three of the patients were admitted to the ICU because of a perceived perioperative risk and had fatal complications during their ICU stay. We contend that routine ICU admission would not have prevented these complications. In regard to postoperative intracranial hematoma formation, Taylor et al. 8 observed that 88% of patients who undergo supratentorial craniotomy and demonstrate this complication do so within 6 hours postoperatively, and they argued that patients can be safely admitted to the ward for observation provided that the preoperative GCS score is regained by 6 hours after surgery.
More prospective studies are needed to preoperatively identify which patients would benefit from selective ICU admission. In our cohort, planned ICU admissions were largely a result of anticipated prolonged operations and anesthetic risks. Unplanned ICU admissions were largely due to extensive intraoperative blood loss and slow neurological recovery after surgery, both of which are difficult to predict preoperatively. Ziai et al.
11 similarly identified these 2 factors as perioperative indicators of prolonged postoperative ICU admission. Another possible preoperative factor is patient comorbidity, which, while not systematically analyzed in our cohort, is strongly suggested by the increased age of the patients who had an unplanned ICU admission, as compared with the ages of those who did not.
Current data provide conflicting evidence as to whether age is a predictor of intensive care treatment. Our patients requiring unplanned ICU admissions were significantly older than those who did not. Zimmermann et al. 12 observed in their cohort of 3000 neurological intensive care patients that the 95.8% of those who did not require any treatment during their stay in the ICU were significantly younger than those who did. Conversely, Ziai et al.
11
did not find that age was a statistically significant predictor for a longer ICU stay in patients admitted after elective craniotomy. These authors also observed that the type of surgery was not a significant predictor, and our results reflected this finding in that there was no predominance of supratentorial or infratentorial craniotomies in the unplanned ICU group. We acknowledge that transsphenoidal pituitary operations and endoscopic ventriculostomies, while considered by some not to be "true" craniotomies, were included because an ICU admission is often recommended for postoperative monitoring. Excluding these cases results in a corrected adverse event of 4% in patients admitted electively to the ward and a corrected unplanned ICU admission rate of 3%, with no impact on the in-hospital mortality rate.
Conclusions
Routine ward admission of patients undergoing elective craniotomy appears safe; however, approximately 2% of patients may require an unplanned ICU admission and 3% may experience a postoperative complication requiring an MET call. An increased age seems to be associated with unplanned ICU admissions. Elderly patients with anticipated long operating times, potentially extensive blood loss, and high anesthetic risks should be considered for selective postoperative ICU admission, but further study is needed to determine more precise preoperative factors that can aid in identifying and managing these groups of patients.
